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Summary 
An analysis of Eucalyptus dunnii plantation growth in north-eastern NSW shows that 30% 
increase in site index can contribute a 300% increase in profitability, and that clonal 
production of the best family could contribute a further two-fold increase in plantation 
profitability. 
Introduction 
The Regional Forest Agreements in 2000 increased the need for plantations to supply sawlogs 
to the forest industries in Australia. The response by government has been to establish, and 
encourage private investment in hardwood plantations (e.g. the Plantations 2020 Vision, 
which aims to increase plantation areas by 2 million ha before the year 2020). However, 
investors often shy away from the more fertile lands, preferring to pay lower prices for less 
productive land for afforestation. This paper investigates the returns expected from two 
plantings, at Boambee (site index 40 m; site index is mean height of tallest 40 trees/ha at age 
20 years) and Megan (site index 30 m), to highlight performance differences between these 
sites. 
Eucalyptus dunnii Maiden (Dunn’s white gum, Benson and Hager 1993) is currently one of 
the most widely planted hardwoods in NSW, comprising 33% of the plantings by Forests 
NSW. Over 10,000 ha of E. dunnii plantation has been established in NSW, and it remains 
one of the favoured species for planting, with some 40% of commercial plantings in north-
east NSW and south-east Queensland using this species. Most of this resource has been 
planted during the last ten years, with only 93 ha established prior to 1994. 
E. dunnii, like many eucalypt species, suffers from growth stress (Murphy et al 2005) and 
other characteristics that cause problems in processing. Recent research has shown that many 
of these characteristics significant in processing are highly heritable (Henson et al 2004), and 
can be minimized through careful selection of genotype. 
Study site 
The study was conducted in a 9-year-old progeny trial (Johnson and Arnold 1998) planted at 
Boambee (30°18’S, 153°03’E, 60 m asl) and Wild Cattle Creek State Forests (30°17’S, 
152°47’E, 730 m asl, near the township of Megan), both south-west of Coffs Harbour, NSW. 
Boambee experiences a mild temperate climate (average daily temperature 14-23°C), with a 
median rainfall of 1585 mm. Megan has a similar climate, but is typically 5°C cooler than 
Boambee, and has a rainfall of 1170 mm. Both sites have similar soils, namely silty loams 
over yellow podzolics, with low pH (about 4.2) and CEC (about 5 meq/100g). 
 2 
 
Figure 1: Location of provenances included in trials and trial locations 
 
The trial contains seedlings raised from 219 open–pollinated (family) seedlots collected from 
individual E. dunnii trees in wild populations throughout most of the species’ natural range 
(Benson and Hager 1993). These seedlots were collected by the CSIRO Australian Tree Seed 
Centre between 1986 and 1991, and represent 21 different provenances, numbered from north 
to south. Each seedlot was represented by six replicates of 4-tree row plots arranged as 
incomplete block designs with one-dimensional blocking within replicates.  Trees were 
spaced at 3.0 m (between rows) x 2.4 m (within rows). 
Thinning at age four year removed the poorest two trees from each 4-tree row plot, based on a 
subjective estimate of tree volume and stem form (Johnson and Arnold 1998). At the time of 
last measure, Boambee trees (aged 8.5 years) averaged 22 cm diameter (breast height, over 
bark) and 26 m in height, while Megan trees (aged 6.25) averaged 12 cm diameter and 10 m 
in height. The mean dominant height (tallest 40 trees/ha) was 32 m at Boambee and 15 at 
Megan, implying site indices of 41.6 and 30.6 respectively. 
Method 
The standard Forests NSW E. dunnii growth model (Muhairwe 2003; Figure 1) was used to 
simulate the future growth of all stands. The model was initialized using inventory data from 
the most recent measure (age 8.5 at Boambee, age 6.25 at Megan). The growth model is a 
stand-level model (Vanclay 1994), and the stand-level predictions were partitioned into five 
categories based on the size distribution of trees observed at Boambee. Merchandising of 
stems into poles, sawlogs and residual pulp logs was simulated for the mean tree in each 
category, to determine the highest-value products that could be produced from each stand 
category. Standard financial indicators of performance (net present value, internal rate of 
return, Faustman’s soil expectation value) were computed for each possible year of harvest. 
Straka and Conrad (1991) argued that soil expectation value (SEV) was the most appropriate 
criterion for forestry investment decisions, but we also include the more common net present 
value (NPV) and internal rate of return (IRR). Costs and revenues were the standard values 
used in the Forests NSW planning model. 
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Figure 2. Predicted current (dotted) and mean (solid) annual increments for total stand volume at 
Boambee and Megan. From top to bottom, lines represent (1) best family at Boambee, (2) best six 
families at Boambee, (3) all families at Boambee, and (4) all families at Megan. 
 
Table 1. Product specifications for E. dunnii logs 
Product Relative 
price 
Min 
SED 
Max 
SED 
Min 
length 
Max 
length 
Pulp 2.6m  1  7  2.6  
Short sawlog 2.6m  7 40 50 2.6  
Small sawlog 3.6m  2 25 30 3.6  
Large sawlog 3.6m  3 30  3.6  
Pole 8 m  6 20 30 8.0 8.5 
Pole 9.5 m  8 22 32 9.5 10.0 
Pole 11 m 10 24 42 11.0 11.5 
Pole 12.5 m 11 25 45 12.5 13.0 
Pole 14 m 13 27 45 14.0 14.5 
Pole 15.5 m 14 28 48 15.5 16.0 
Pole 17 m 16 34 50 17.0 17.5 
Pole 18.5 m 18 35 52 18.5 19.0 
 
Simulation of merchandising is important because E. dunnii logs can be sold as a wide range 
of products, with quite different values (Table 1). The size-value curve is not smooth, but has 
many discontinuities (e.g., there is a seven-fold increase in value if a 2.6 m-long sawlog 
exceeds a small-end diameter of 40 cm). The most valuable products are poles, which have 
tight specifications for length and small-end diameter. Although it meets the criteria for 
durability, E. dunnii has not been widely used for poles, and our analysis assumes that it will 
gain acceptance in the marketplace as a pole species. 
Results 
The Megan plantation was used as the benchmark for comparing scenarios. The greatest net 
present value (NPV) accrues to the Megan planting if it is harvested at age 34, at which point 
an internal rate of return (IRR) of 9.2% is expected. It is expected that the Megan planting 
will perform better than the target rate of return, if it is harvested in years 22-23, 26-28, 32-
37, or year 40 (Figure 2). 
 4 
 
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0 10 20 30 40 50
Plantation age (years)
R
e
la
ti
v
e
 p
e
rf
o
rm
a
n
c
e
 
Figure 3. Relative performance of 4 scenarios. From top to bottom, lines represent (1) best family at 
Boambee, (2) best six families at Boambee, (3) all families at Boambee, and (4) all families at Megan. 
Relative performance is based on net present value ate the Forests NSW target discount rate. 
 
It is noteworthy that the more detailed financial analysis summarised in Figure 2 leads to a 
rotation length different to the usual recommendation to harvest when the current (CAI) and 
mean annual increment (MAI) curves intersect, which for Megan, occurs at age 30 (Figure 1). 
Similarly, Figure 1 would lead to premature clearfelling of the Boambee plantation compared 
with inferences from Figure 2. Clearly, when there are multiple products and a price-size 
premium, optimal rotation age much be based on an analysis more sophisticated than the 
CAI-MAI intersection. 
 
The Boambee plantation offers a much wider window of opportunity, and can exceed the 
Forests NSW performance target if harvested in any year between 12 and 46. For any harvest 
between years 22 and 31, the NPV of a hectare at Boambee is at least four times that of a 
hectare at Megan. The greatest NPV accrues in year 23. In year 23, the IRR is 11.4% and the 
Faustman soil expectation value (SEV) is nine times higher than the best SEV attainable at 
the Megan site. The maximum IRR of 11.6% occurs a few years earlier, at age 19 years, while 
the CAI and MAI curves intersect at age 17 years. Clearly, better sites offer greater flexibility 
as well as greater profitability. 
 
Stands simulated using data from the best family, and the best six families are intended to 
represent the performance of planting material derived from improved seed-orchard material 
of a range of selection intensities. Both of these scenarios indicate substantially improved 
production. Our simulations indicate that the increase in net present value attainable by using 
improved genotypes could be $800-$1200/ha. Improved genotypes could increase the IRR at 
Boambee to 13-13.6%. These gains should more than offset the increased cost of the 
improved planting material, including development costs. 
 
The results reported above deal with increases in the volume of material produced, but gains 
in the quality of material are also possible. Boambee plantings show significantly higher basic 
density (P=0.01) and screen pulp yields (P=0.0001; Table 2), both of which contribute to 
better pulping properties (Muneri et al 2004). Recent trials (Henson et al 2004) reveal that 
many solid wood properties of E. dunnii are heritable, and that significant gains should be 
possible through selection. Thus the results reported here are likely to be conservative. 
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Table 2. Pulp yields for Megan and Boambee (after Muneri et al 2004) 
Property Megan Boambee 
(average) 
Boambee 
(Family 1176) 
Basic density 
Fibre length 
Screened yield 
Pulp/tree 
474 
0.74 
50.1 
25 
519 
0.86 
53.3 
103 
529 
0.87 
54.3 
125 
 
Discussion 
The results reported here are obviously sensitive to assumptions about discount rates and 
prices. They are also sensitive to assumptions regarding thinning and merchandising. Both the 
Boambee and Megan trials included 1388 trees/ha at planting. The Boambee trail was thinned 
to 694 stems/ha at age 4, and to 521 stems/ha at age 8. Because the growth model includes a 
growth response to thinning, we have assumed that both the Boambee and Megan stands were 
thinned to 521 and 700 stems/ha respectively, at age 4, in a cost-neutral operation. These are 
not necessarily optimal values. The Boambee thinning regime was dictated by research 
demands and an attempt to stimulate seed production, and the simulated regime for Megan is 
a compromise between optimal silviculture and the reliability of the growth model (minimal 
extrapolation of the growth model beyond the range of calibration data). Nonetheless, we feel 
that these stocking regimes provide a reasonable basis for comparison. 
 
Our results are also sensitive to the simulated merchandising. The only available growth 
model for E. dunnii is a stand-level model which does not predict a diameter distribution. 
Thus we based our distribution of heights and diameters on the observed distribution of 8-
year-old trees at Boambee. Preliminary investigations for this study divided each stand into 
three components, but we discovered that results were unduly sensitive to this partitioning. 
The results reported here are based on five quintiles, each with an equal number of stems, and 
with the predicted within-quintile diameters, heights and volumes based on observations of 
the Boambee stand. The use of quintiles followed the observation that the difference in using 
4 or 5 classes was large, while the difference in using 5 or 6 classes was small. Classes with 
equal numbers were used simply because they are objective and repeatable. However, we 
draw attention to the fact that quintiles remain inferior to a diameter distribution model, and 
recommend the application of such a model. 
Conclusion 
Our results emphasise the importance of good land and good planting material in industrial 
plantations. Relatively small increases in site index can mean large increases in production 
and profitability. Similarly, relatively small investments in improved genotypes can also lead 
to large gains in plantation profitability. Such gains are not limited to increased volumes. 
Trials with E. dunnii reveal that site index is positively correlated with pulp yield, and that 
many solid wood properties are highly heritable and can be improved through conventional 
tree breeding. 
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